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SUBJECT:  Glen  Easier  Lake  Dam  Phase  1  1  aspect  iun  or  t 


This  report  presents  the  results  of  field  inspection  ai  )  -  v,i  1  ua  r  i  on 
of  the  Glen  Basler'  Lake  Dam  (MO  No.  31382). 


It  was  prepared  under  the  National  IVogr.iw  <>!  I  n.  I  ion  of  JJon- 
Federal  Dams. 


This  dam  has  been  classified  as  unsafe,  non— •mevgenev  by  t  he  :  i. .  Lou  in 
District  as  a  result  of  the  application  of  the  to!  low  ins.  -ri  i.«r  ia: 


a.  Spillway  will  not  pass  EC  percent  of  the  i "  t  <->!..  i  S .  f.  •  Minimum 
Flood  without  overtopping  the  dam. 


b.  Overtopping  of  the  dam  could  result  in  failure  of  t  he  d  uti. 

c.  Dam  failure  significantly  increase:'  the  hauard  •  o  !  .  2 

life  downstream. 
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PHASE  I  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
SUMMARY 


Name  of  Dam:  Glen  Basler  Lake  Dam 
State  Located:  Missouri 
County  Located:  Ste.  Genevieve 
Stream:  Tributary  to  Little  Saline  Creek 

Dafe^  of  Inspection:  January  29,  1981 

Glen  Basler  Lake  Dam  was  inspected  by  an  interdisciplinary  team  of 
engineers, from  Anderson  Engineering,  Inc.  of  Springfield,  Missouri  and 
Hanson  Engineers,  Inc.  of' Springfield;  miuuiu The  purpose  of  this  in¬ 
spection  was  to  make  an  assessment  of  the  general  condition  of  the  dam  with 
respect  to  safety,  based  upon  available  data  and  visual  inspection,  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or  property. 


The  guidelines  used  in  the  assessment  were  furnished  by  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers  and  they  have  been  developed 
with  the  help  of  several  Federal  and  State  agencies,  professional  engineering 
organizations,  and  private  engineers.  Based  on  these  guidelines,  the 
St.  Louis  District,  Corps  of  Engineers  has  determined  that  this  dam  is  in  the 
high  hazard  potential  classification,  which  means  that  loss  of  life  and 
appreciable  property  loss  could  occur  if  the  dam  fails.  The  estimated  damage 
zone  extends  approximately  one  mile  downstream  of  the  flam.  Located  within 
this  zone  are  four  dwellings,  one  trailer,  several  barns  and  a  shod. 

r-  The  dam  is' in  the  small  size  classification,  since  it  is  greater  than 
25  fleet  high  but  less  than  40  feet  high. 

Our  inspection  and  evaluation  indicates  that  the  combined  spi llways  do  not 
meet  the  criteria  set  forth  in  the  guidelines  for  a  dam  having  the  above  size 
and  hazard  potential.  The  combined  spillways  will  pass  11  percent  of  the 
Probable  Maximum  Flood  without  overtopping.  The  Probable  Maximum  Flood  is 
defined  as  the  flood  discharge  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteoro logic  and  hydrologic  conditions  that  arc 
reasonably  possible  in  the  region.  The  guidelines  require  that  a  dam  of  small 
size  with  a  high  downstream  hazari^potential  pass  50  to  100  percent  of  the 
PMF.  Considering  the  low  height  on  the  dam  (26  feet)  and  the  small  storage 
capacity  (41  acre-feet)  50  percent  of  the  PMF  has  been  determined  to' be  the 
appropriate  spillway  design  flood.  The  100-year  flood  (1  percent  probability 
flood)  will  overtop  the  dam.  The  1  percent  probability  flood  is  one  that  ha  • 
a  1  percent  chance  of  being  exceeded  in  any  given  year.  The  10  year  flood 
(10  percent  probability  flood)  will  not  overtop  the  dam.  The  10  percent 
probability  flood  is  one  that  has  a  10  percent  chance  of  being  exceeded  in  any 
given  year. 


The  embankment,  was  in  good  c  idition.  Def  i<;  i •  •  n ( :  ies  visually  observed 
by  the  inspection  team  were:  (1)  No  wave  protection  on  the  upstream  face; 

(2)  principal  spillway  outlet  channel  slab  was  undermined;  ( d )  slough  area  on 
left  side  of  principal  spillway  outlet  channel;  (h)  wood  debris  at  end 
Cx  principal  spillway  outlet  channel. 

Another  deficiency  was  the  lack  of  seepage  and  stability  analysis  records. 

It  is  recommended  that  the  owner:;  take  t  tie  necessary  action  promptly 
to  correct  the  deficiencies  reported  herein.  A  detailed  discussion  of 
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Dave  Daniels,  P.E. 
Hanson  Engineers,  Inc. 


Gene  Wertepny,  P.E 
Hanson  Engineers,  Inc. 


AERIAL  VIEW  OF  LAKE  AND  DAM 
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SUCTION  i  -  PROJECT  INFORMATION 


1.1  GENERAL: 


A.  Authority: 

The  National  Dam  Inspection  Act,  Public  I.  iw  'P-l'-V,  ■  j : : ;n-d 

of  the  Army,  through  the  Corps  of  Engineer::,  t  o  inlti.it"  ,  ;.ro;>r'  im  of  ,.i:  «• 
inspection  of  dams  throughout  the  United  States.  I'ursuunt  to  the  abov- ,  t 
St.  Louis  District,  Corps  of  Engineers,  District  Eng t ur<:r  directed  >  h ■> •  > 

safety  inspection  be  made  of  Glen  Busier  hale  !'  tin  in  Guicv l<y<-  ''y.n'v 

Missoui’i . 

B.  Purpose  of  Inspection: 

The  purpose  of  the  inspection  was  to  make  an  assessment  of  t  he  genet  a 
condition  of  the  dam  with  respect  to  safety,  bused  upon  available  data  and 
visual  inspection  in  order  to  determine  if  the  data  poser,  hazards  to  human 
life  or  property. 

C.  Evaluation  Criteria: 


Criteria  used  to  evaluate  the  dam  were  furnished  by  the  Depart  men t 
the  Army,  Office  of  the  Chief  of  Engineers,  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams,  Appendix  D."  These  guidelines  were-  Jev«lop-- ! 
with  the  help  of  several  federal  agencies  and  many  stale  agencies,,  prof- 
engineering  organization,  and  private  engineers. 

1.2  DESCRIPTION  Of  PROJECT: 


A.  Description  of  Dam  and  Appurtenances; 


Glen  Easier  Lake  Dam  is  an  earth  fill  structure  approximately  PL 
high  and  320  feet  long  at  the  crest.  The  appurtenant,  work  consists:  of  tin 
24  inch  diameter  CMP  principal  spillway  pipes,  one  24  inch  diameter  CMP 
emergency  spillway  pipe,  and  a  2  Inch  diameter  steel  dev;  it  or i nr  pipe. 

Shout  3  of  Appendix  A  shows  a  plan,  profile,  md  typi  n'  eer  :  i  n  ,.f  • 
embankments . 

B.  Location: 

The  dam  is  located  in  the  southeast  part  of  Gte.  Genevieve  County, 
Missouri  on  a  tributary  of  Little  Saline  Creek.  The  dam  and  lake  ur<  with 
the  Minnith,  Missouri  7.5  minute  quadrangle?  sheet  (Section  R,  13fdi,  K'JK  - 
latatude  37°  50' •,  longitude  30°  03.7').  Sheet  2  of  Appendix  A  shows  t  h- 
general  vicinity. 


-1- 


Size  Classification: 


With  an  embankment  height  of  2b  feet  and  a  maximum  sior.if  rana  it/ 
approximately  41  acre-feet,  the  dam  is  in  the  small  size  .  -,j  i  agor-y .  ;  :><• 

guidelines  state  that  an  embankment  over  2b  feet  high  but  1  :  nan  4L  : 

high  is  in  the  small  size  category. 

D.  Hazard  Classification: 


The  St.  Louis  District,  Corps  of  engineers  has.  determined  :  hat  tni  . 
is  in  the  high  hazard  potential  classification.  The  *-:;t  in.it  <•<!  i- :::i  iv  •  -  son 
extends  approximately  one  mile  downstream  of  the  lam.  Located  within  ;Li 
zone  are  four  dwellings,  one  trailer,  several  barn;;,  arid  a  shed.  Th<  feat 
within  the  damage  zone  were  verified  by  the  inspect  ion  team  in  the  field . 

E.  Ownership: 

The  dam  is  owned  by  R.  Dale  Murphy. 

The  owner's  address  is  Star  Route  1,  St.  Marys,  Missouri  G3f>73 

F.  Purpose  of  Dam: 

The  dam  was  constructed  primarily  for  recreation. 

G.  Design  and  Construction  History: 

The  dam  was  constructed  in  1972  by  Floyd  Williams  of  .3 tar  H-oa'e  1, 
Gt.  Marys,  Missouri.  All  of  the  construction  history  was  ol  t.iiti-d  from 
Mr.  Glen  Basler  of  St.  Marys,  Missouri  ( ill  4-HB3 -Vl’O'i )  (!,<•  nwti'-r-  >  h> 
when  the  dam  was  constructed.  Mr.  Basler  stated  that  i  core  trend,  -rn 
imately  12'  wide  and  10'  deep  was  cut  down  into  c.  lay  itid  filled  wi* omp. 
clay. 


The  material  for  the  embankment  came  from  the  lake  area,  Mr.  '-a.'  i « •» 
that  better  clay  was  utilized  on  the  front'  (upstream)  slope-  jf  t  If  da;-.. 
Compaction  of  the  embankment  was  accomplished  by  a  hul  Idozc-r  an  1  t-Tn;'  '-r . 

Ho  unusual  conditions  were  encountered  during  eons  truer  ion  of  ’he  d  i 
Mr.  Basler  said  that  the  dam  was  built  with  two  24  inch  principal  s'illwa 
pipes  and  the  emergency  spillway  was  a  small  earth  channel  at  the  "art:  < •  rt 
of  the  dam.  In  1973,  a  24  inch  diameter  CMF  war.  installed  as  the  emergen 
spillway  in  place  of  the  earth  channel.  In  1974 ,  an  additional  24  in-  h  1 
CM!  was  added  to  the  principal  spillway. 

Mr.  Basler  said  he  was  not  aware  of  any  seepage. 

H.  Normal  Operating  Procedures: 

Water  level  is  controlled  by  rainfall,  runoff,  transpiration,  eva¬ 
poration,  seepage,  overflow  through  uncontrolled  spillway  pipes  and  with¬ 
drawal  through  the  valved  dewatering  pipe. 
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1.3  PERTINENT  DATA: 


* 


Pertinent  data  about  the  dam,  appurtenant  work::,  and  rvr.orvoir  are  'ir<“  <■  tiled 
in  the  following,  paragraphs.  Sheet  3  of  Appendix  A  presents  a  plan,  prof!!'-, 
and  typical  section  of  the  embankment. 

A.  Drainage  Area: 


The  drainage  area  for  this  dam,  as  obtained  it'om  the  1 ).  d i  , 
is  approximately  115  acres. 

B.  Discharge  at  Dam  Site: 

(1)  All  discharge  at  the  dam  site  is  through  uncontrolled  spillway--:. 

(2)  Estimated  Total  Spillway  Capacity  at  Maximum  Pool  (Top  of  Dam  -  El.  544.5): 
65  cfs. 

(3)  Estimated  Capacity  of  Principal  Spillway:  60  cfs. 

(4)  Estimated  Capacity  of  Emergency  Spillway:  5  cfs. 

(5)  Estimated  Experience  Maximum  Flood  at  Dam  Site:  Unknown. 

(6)  Diversion  Tunnel  Low  Pool  Outlet  at  Pool  Elevation:  Not  Applicable. 

(7)  Diversion  Tunnel  Outlet  at  Pool  Elevation:  Mot  Appli  'able. 

(8)  Gated  Spillway  Capacity  at  Pool  Elevation:  Not  Applicable. 

(9)  Gated  Spillway  Capacity  at  Maximum  Pool  Elevation:  Not:  Apt.  1 1  e  ib  1  •  ■ . 

C.  Elevations: 

All  elevations  are  consistent  with  an  assumed  mean  sea  level  elevation 
of  541.0  for  the  invert  of  the  east  principal  spilLway  pipe.  ( or.  r  i  muted  fro-:; 
quadrangle  map). 


(1)  Top  of  Dam:  544.  5  ft.,  MSI. 

(2)  Principal  Spillway  Crest:  541.0  ft.,  MSI. 

(3)  Emergency  Spillway  Crest:  543.3  ft.,  MSI. 

(4)  Principal  Spillway  Pipe  Invert  at  Outlet:  349.5  ft.,  MSI. 

(5)  Streambed  at  Centerline  of  Dam:  519.0  ft.,  MSI. 

(6)  Pool  on  Date  of  Inspection:  537.7  ft.,  MS, 

(7)  Apparent  High  Water  Mark:  541.5  ft.,  MSL 
(3)  Maximum  Tailwater:  Not  Applicable 

(9)  Upstream  Portal  Invert  Diversion  Tunnel:  Not  Applicable 

(10)  Downstream  Portal  Invert  Diversion  Tunnell:  Hot  Applicable 


D. 

Reservoir  Lengths: 

(1) 

At 

Top  of  Dam:  500  ft. 

(2) 

At 

Emergency  Spillway  Crest: 

480  ft. 

(3) 

At 

Principal  Spillway  Crest: 

440  ft. 

E. 

Storage  Capacities: 

(1) 

At 

Top  of  Dam:  41  acre- ft. 

(2) 

At 

Emergency  Spillway  Crest: 

36  acro- 

(3) 

At 

Principal  Spillway  Crest: 

23  aere- 

F. 

Reservoir  Surface  Areas: 

(1) 

At 

Top  of  Dam:  4.3  acres 

(2) 

At 

Emergency  Spillway  Crest: 

3.8  acre 

(3) 

At 

Principal  Spillway  Crest: 

3.0  acre: 
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G.  Dam: 


(1)  Type:  Rolled  Earth 

(2)  Length  at  Crest:  320  ft. 

(3)  Height:  26  ft. 

(4)  Top  Width:  12  ft. 

(5)  Side  Slopes:  Upstream  varies  3.1  H  on  IV  to  3.4  !!  on  IV; 
Downstream,  varies  2.3  H  on  IV  to  3.2  H  on  IV. 

(b)  Zoning:  Apparently  homogeneous 

(7)  Impervious  Core:  None 

(8)  Cutoff:  Key  Trench  Approximately  10  Ft.  Into  r'lav 

(9)  Grout  Curtain:  None 

H.  Diversion  and  Regulating  Tunnel : 

(1)  Type:  Not  Applicable 

(2)  Length:  Not  Applicable 

(3)  Closure:  Not  Applicable 

(4)  Access:  Not  Applicable 

(5)  Regulating  Facilities: 

I.  Spillway: 

1.1  Principal  Spillway: 

(1)  Location:  Station  0+17,  West  End  of  Dam. 

(2)  Type:  Three  24  Inch  Diameter  CMP 

(3)  Upstream  Channel:  Fairly  Clear  With  Two  Fences  In  Front  of  Gpillwa 

(4)  Downstream  Channel:  Earth  Cut  Channel  in  Left  Abutment  With  Centre 
Apron  In  Initial  Portion. 


(1)  Location:  Station  3+45  Near  East  End  of  Dam 

(2)  Type:  24  Inch  Diameter  CMP 

(3)  Upstream  Channel:  Clean 

(4)  Downstream  Channel:  Open,  Discharges  Into  Agricultural  Field. 

J.  Regulating  Outlets: 

There  is  a  two  inch  steel  dewatering  pipe  located  at  station  1+2 
The  pipe  is  controlled  by  a  valve  at  the  downstream  end  of  the  pipe. 


SECTION  2  KNGiNKEKING  UA  'A 


2.1  DESIGN 

There  were  no  design  calculations  or  engineering  drawings  prepared  for  t 
dam.  No  documentation  of  construction  inspection  records  were  available.  Th 
are  no  documented  maintenance  data. 

A.  Surveys: 

No  pre-construction  or  post-construction  survey  data  were  available. 

Sheet  3  of  Appendix  A  presents  a  plan,  profile,  and  cross  section  of  the 
dam  from  survey  data  obtained  during  our  site  inspection.  The  invert  of  the 
east  principal  spillway  pipe  was  used  as  the  site  datum.  The  mean  sea  level 
elevation  of  541.0  for  our  site  datum  was  estimated  from  the  Minnith,  Missour 
7.5  minute  quadrangle  sheet. 

B.  Geology  and  Subsurface  Materials: 

The  site  is  located  along  the  eastern  edge  of  the  Ozarks  geologic:  region 
of  Missouri.  The  Ozarks  are  characterized  topographically  by  hills,  plateaus 
and  deep  valleys.  The  mo.  t  common  bedrock  types  are  dolomite,  sandstone  arid 
chert.  The  "Geologic  Map  of  Missouri"  indicates  that  the  bedrock  in  the 
site  area  consists  of  the  Jefferson  City,  Cotter,  Powell,  and  Cmithville 
formations.  The  Missouri  Geological  Survey  Office  indicates  that  the  bedrock 
at  the  site  is  probably  of  the  Jefferson  City  formation.  The  Jefferson  City 
formation  consists  of  light  brown  to  brown,  medium  to  finely  crystalline 
dolomite  and  argillaceous  dolomite. 

The  "Geologic  Map  of  Missouri"  indicates  several  normal  faults  within 
the  site  area.  The  site  is  located  in  seismic  zone  2  (moderate  damage  zone) 
but  is  close  to  the  boundary  of  zone  3  (maior  damage  zone  see  Sheet  3  of 
Appendix  B). 

The  soils  are  of  the  Union-Ful lerton-McGirk  boil  Association  and  have 
developed  from  thin  loess  deposited  over  weathered  material  from  herly 
dolomite  (see  Leossial  Thickness  Map,  Sheet  2  of  Appendix  B).  Auger  probes  ; 
the  embankment  indicate  the  soils  to  be  brown  clayey  silts  (MI.). 

C.  Foundation  and  Embankment  Design: 

No  foundation  and  embankment  design  information  was  available.  Seepage 
and  stability  analysis  apparently  were  not  performed  as  required  in  the  Corps 
of  Engineers  guidelines.  Mr.  Glen  Busier  the  previous  owner  indicated  tin'  i 
core  trench,  12  feet  wide  and  10  feet  deep  was  excavated  to  a  clay  base.  All 
embankment  fill  material  was  obtained  from  the  lake  bed  area. 
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D.  Hydrology  and  Hydraulics: 

No  hydrologic  and  hydraulic  design  computations  are  available  for  this, 
dam.  Based  on  field  measurements  of  spillway  dimensions  and  embankment 
elevations  and  the  watershed  area,  lake  area  and  storage  data  from  U. 
quadrangle  sheets,  hydrologic  analyses  using  U.S.  Army  Corps  of  Engineer-', 
guidelines  were  performed  and  appear  in  Appendix  C. 

E.  Structure: 


There  are  no  structures  associated  with  this  dam. 

2.2  CONSTRUCTION: 


No  construction  inspection  data  are  available. 

2.3  OPERATION: 


Normal  flows  would  be  passed  by  the  three  24  inch  diameter  CMP  principal 
spillway  pipes  and  the  24  inch  diameter  CMP  emergency  spillway. 

2.4  EVALUATION: 

A.  Availability: 


No  engineering  data,  seepage  or  stability  analyses,  or  construction  lost- 
data  was  available. 

B.  Adequacy: 


The  engineering  data  available  were  inadequate  to  make  a  detailed 
assessment  of  the  design,  construction,  and  operation  of  this  strir-t  ur-e. 

Seepage  and  stability  analyses  comparable  to  the  requirements  of  :  lie  "Rerommondo 
Guidelines  for  Safety  Inspection  of  Dams"  were  not  available,  which  is  considore 
a  deficiency.  These  seepage  and  stability  analyses  should  be  performed  for 
appropriate  loading  conditions  (including  earthquak  loads)  and  made  a  matter 
of  record. 

C.  Validity: 

To  our  knowledge,  no  valid  engineering  data  on  the  design  or  construct  inn 
of  the  embankment  are  available. 
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SECTION  3  VISUAL  INSPECTION 


3.1  FINDINGS; 

A.  General: 

The  field  inspection  was  made  on  January  29,  1931.  The  inspection  team 
consisted  of  personnel  from  Anderson  Engineering,  Inc.  of  Springfield,  Missouri 
and  Hanson  Engineers,  Inc.  of  Springfield,  Illinois.  The  team  members  wore : 

Steven  L.  Brady  -  Anderson  Engineering,  Inc.  (Civil  Engineer) 

Tom  R.  Beckley  -  Anderson  Engineering,  Inc.  (Civil  Engineer) 

Gene  Wertepny  -  Hanson  Engineers,  Inc.  (Hydraulic  Engineer) 

Dave  Daniels  -  Hanson  Engineers,  Inc.  (Geotechnical  Engineer) 

Photographs  of  the  dam,  appurtenant  structures,  reservoir,  and  down¬ 
stream  features  are  presented  in  Appendix  D. 

B .  Dam : 

The  embankment  appears  to  be  in  good  condition  with  grass  cover  noted  on 
the  upstream  and  downstream  slopes  of  the  embankment.  The  12  foot  wide  crest 
of  the  embankment  has  a  graveled  access  road  across  it.  The  embankment 
was  constructed  fairly  straight  and  the  vertical  alignment  was  such  that 
the  middle  of  the  embankment  was  approximately  4  feet  lower  than  the 
ends. 

The  slopes  of  the  embankment  were  relatively  constant.  The  upstream 
slope  varied  from  3.1  11  on  IV  to  3.4  11  on  IV  and  I  he  downstream  slope 
varied  from  2.3  H  on  IV  to  3.2  H  on  IV.  No  surface  cracking  of  the 
embankment  was  noted.  Both  slopes  of  the  embankment  were  grass  covered 
and  clear  of  brush  and  trees.  No  riprap  was  noted  and  an  erosion  bench 
was  evident  at  normal  water  line.  No  sloughs,  animal  holes,  or  seepage 
were  noted  on  the  embankment . 

The  upper  portion  of  the  outlet  channel  of  the  principal  spillwav 
is  lined  with  a  concrete  slab.  The  slab  is  about  25  feet  long  and  15 
feet  wide.  It  appears  that  brick  has  been  dumped  just  downstream  of  the 
concrete  slab.  The  slab  is  undermined  at  the  end.  The  outlet  channel 
is  a  cut  trench  in  the  left  valley  wall.  There  is  a  slough  area  on  the 
left  side  of  the  outlet  channel  just  downstream  of  the  concrete  apron. 

The  slough  is  about  15  feet  wide  at  the  top  and  fairly  shallow.  There 
is  also  some  wood  debris  at  the  end  of  the  outlet  channel. 

There  is  a  2  inch  steel  dewatering  pipe  through  the  dam  at  station 
lt25  with  a  valve  at  the  downstream  end.  There  is  a  small  area  of 
cattail  growth  just  beyond  the  watering  pipe  outlet.  No  seepage  war. 
noted . 

The  emergency  spillway  pipe  discharges  into  an  agricultural  field 
downstream  of  the  dam.  No  erosion  was  noted  in  the  outlet  area. 
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Shallow  auger  probes  of  the  embankment  Indicated  the  embankment  soil  to 
consist  of  a  brown  clayey  silt  (Unified  Soil  Classification  System  of  ML,). 

No  instrumentation  (monuments,  piezometers  etc.)  was  observed. 

C.  Appurtenant  Structures: 

C.l  Principal  Spillway: 

The  principal  spillway  consisted  of  three  24  inch  diameter  CM1'  pipes. 

The  inlet  was  fairly  clear  except  for  2  fences  that  acted  as  fish  screen: . 

The  outlet  was  over  a  concrete  apron  and  through  an  earth  cut  channel.  brack 
and  wood  debris  are  in  the  channel.  A  slough  exists,  on  the  left  wall  of 
the  outlet  channel.  A  2  inch  steel  dewatering  pipe  runs,  through  the  dam  at 
station  1+25. 

C.2  Emergency  Spillway; 


The  emergency  spillway  consists  of  a  24  inch  diameter  CMP  pipe  located 
at  the  east  end  of  the  dam.  The  emergency  spillway  discharge  channel  is 
into  an  agricultural  field. 

D.  Reservoir: 


The  watershed  is  primarily  wooded  with  moderate  slopes.  Ho  significant 
erosion  or  sloughing  was  noted.  No  significant  sedimentation  was  noted 
and  it  is  not  considered  to  be  a  problem. 

E.  Downstream  Channel: 


The  downstream  channel  is  well  defined  and  it  is  lined  with  brush  and  tret 
The  side  slopes  are  gentle  to  moderate. 

3.2  EVALUATION: 


The  embankment  is  in  good  structural  condition.  The  lack  of  wave 
protection  could  cause  continued  erosion  of  the  upstream  face  with  time. 

The  slough  in  the  principal  spillway  outlet  channel  could  worsen  and 
seriously  affect  the  capacity  of  the  channel. 

Because  the  2  inch  diameter  pipe  valve  is  located  on  the  downstream  side 
of  the  dam,  the  full  head  of  water  impounded  by  the  dam  is  acting 
entirely  through  the  dam.  The  area  around  the  pipe  outlet  should  be 
periodically  inspected  for  seepage  which  might  indicate  a  leak  or  rupture  of 
the  pipe  and  could  eventually  initiate  a  piping  failure  through  the 
embankment. 
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SECTION  4  OPERATIONAL  PROCEDURES 


4 . 1  PROCEDURES : 

There  are  no  operating  facilities.  The  pool  is  normally  controlled  by 
rainfall,  runoff,  and  the  capacity  of  the  uncontrolled  spillways. 

4.2  MAINTENANCE  OP  DAM: 

The  embankment  is  clear  of  trees  and  brush,  so  it  is  evident  that  some 
maintenance  is  done. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES: 

No  maintenance  information  was  obtained  on  the  2  inch  dewatering 
pipe.  The  valve  and  pipe  should  be  inspected  and  maintained  on  a  re¬ 
gular  basis. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT: 

The  inspection  team  is  unaware  of  any  existing  warning  system  for  this  dam 

4.5  EVALUATION: 

The  lack  of  rip-rap  on  the  upstream  face  of  the  dam  and  the  principal 
spillway  outlet  channel  slough  could  become  serious  problems  if  not  cor¬ 
rected.  A  regular  program  of  maintenance  should  be  established. 
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SECTION  I !  Y I )  k  A  t ;  I ,  l  C  / !  i  Y  D ; : ' .  Ln ' ;  U ' 


5.1  EVALUATION  Of  FL'A  THREE. : 

A.  Design  Data: 


No  hydrologic  or  hydraulic  design  computations  for  this  dam  wore  available. 

B.  Experience  Data: 


No  record  of  rainfall,  runoff,  discharge,  or  reservoir  stage  data  w>T" 
available  for  this  lake  and  watershed.  Mr.  Busier  indicated  that  the  max  imam 
water  level  in  the  lake  occurred  shortly  after  the  dam  was  built  in  early  1 a73. 
Some  water  passed  over  the  emergency  spillway  channel  that  existed  at  that  •.  hw. 

C.  Visual  Observations : 

The  principal  spillway  pipes  appear  to  be  in  good  condition.  The 
upper  portion  of  the  outlet  channel  is  lined  with  a  concrete  slab.  Erosion 
has  occurred  at  the  downstream  end  of  the  lining.,  causing  undermining 
of  the  slab.  Bricks  have  been  dumped  in  the  eroded  area  to  stop  rhe 
erosion.  Some  debris  and  wood  are  also  presen i  in  thin  area.  A  slough 
exists  in  the  left  wall  of  the  outlet  channel.  The  outlet  channel  protect 
the  embankment  for  spillway  discharges.  The  downstream  channel  ir>  overgrown 
with  brush  and  trees.  The  emergency  spillway  discharges  -ire  into  an  agri¬ 
cultural  field  and  away  from  the  embankment. 

D.  Overtopping  Potenti a 1  : 


The  hydraulic  and  hydrologic  analyses  (using  the  U.E.  Army  Crop.-,  of 
Engineers  guidelines  and  the  HEC-1  computer  program)  were  based  on: 

(1)  a  field  survey  of  spillway  dimensions  and  embankment  elevations;  and 

(2)  an  estimate  of  the  reservoir  storage  and  the  pool  and  drainage  areas 
from  the  Minnith,  Missouri  7.5  Minute  U.S.G.E.  quad  sheet. 

Based  on  the  hydrologic  and  hydraulic  analysis  presented  in  At  pens;:-:  C , 
the  combined  spillways  will  pass  11  percent  of  the  Probable  Maximum  Hoe:. 

The  Probable  Maximum  Flood  is  defined  as  the  flood  discharge  that  may  be 
expected  from  the  most  severe  combination  of  critical  me teoro logic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region.  Th“  recom¬ 
mended  guidelines  from  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  require  that  this  structure  (small  size  with  high  downstream 
hazard  potential)  pass  50  percent  to  100  percent  of  the  PMF,  without-  over¬ 
topping.  Considering  the  low  height  of  the  dam  (20  feet)  and  the  small 
storage  capacity  (41  acre-ft.)  50  percent  of  the  PMF  has  been  determined  to 
be  the  appropriate  spillway  design  flood.  The  spillways  will  not  pass  a 
1  percent  probability  flood  without  overtopping  the  dam. 

Application  of  the  probable  maximum  precipitation  (PMD,  minus  looses, 
resulted  in  a  flood  hydrograph  peak  inflow  of  2030  cfs .  For  50  percent 
of  the  PMF,  the  peak  inflow  was  1310  cfs. 
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The  routing  of  50  percent  of  the  PMF  through  the  spillways  and  dam  indioat 
that  the  dam  will  be  overtopped  by  1.5  ft  at  elevation  546. 0.  The  duration  of 
the  overtopping  will  be  6.75  hours,  and  the  maximum  outflow  will  be  mo  ef:;. 
The  maximum  discharge  capacity  of  the  spillways  is  65  cfs.  The  rout  i rig  of 
the  PMF  indicates  that  the  dam  will  be  overtopped  by  2.3  ft  at  elevation  646.8. 
The  maximum  outflow  will  be  2570  cfs,  and  the  duration  of  overtopping  will  be 
10.2  hours.  Overtopping  of  an  earthen  embankment  could  cause  serious  erosion 
and  could  possibly  lead  to  failure  of  the  structure. 


SECTION  b  STRUCTURAL  STAB f LI TY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY: 


A.  Visual  Observations: 


Observed  features  which  could  adversely  affect  the  structural  st  i's'lhv 
of  this  dam  are  discussed  in  Sections  3.1.B  and  3.?. 

B.  Design  and  Construction  Data : 


No  design  and  construction  data  for  the  foundation  and  embankment  were 
available.  Seepage  and  stability  analyses  comparable  to  the  requirement:., 
of  the  guidelines  were  not  available,  which  constitute:;  a  deficiency  which 
should  be  rectified. 

C.  Operating  Records: 

No  operating  records  have  been  obtained. 

D.  Post-Construction  Changes: 


The  original  emergency  spillway  channel  was  replaced  by  a  24  inch  diameter- 
CMP  in  1973  and  an  additional  24  inch,  diameter  CM1  was  added  to  the  principal 
spillway  pipe  in  1974. 

E.  Seismic  Stability: 

The  structure  is  located  in  seismic  none  2  to  which  the  guidelines  issign 
a  moderate  damage  potential.  It  is  recommended  that  the  prescribed  seismic  I-  a 
for  this  zone  be  applied  in  stability  analyses  performed  for  this.  dam. 


SECTION  7  A  S  S II S  S  M  L  N  T  /  P.  C  M II D I A 1 ,  MCA  '.ilKFIS 


7.1  DAM  ASSESSMENT: 

This  Phase  I  inspection  and  evaluation  should  not  !e  cons  i  1- -r- -t;  a  . 
being  comprehensive  since  the  scope  of  work  contracted  for  in  :  ir 
detailed  than  would  be  required  for  an  indepth  evaluation  of  dam.'.. 
Latent  deficiencies,  which  might  be  detected  by  a  totally  uompreherr;  ive 
investigation  could  exist. 

A.  Safety: 


The  embankment  was  in  good  condition.  Several  items  were  noted 
during  the  visual  inspection  which  should  bo  investigated  further, 
corrected  or  controlled.  These  items  are:  (1)  No  wave  protection  on  the 
upstream  face;  (2)  principal,  spillway  outlet  slab  is  undermined;  (3) 
slough  area  on  left  side  of  principal  spillway  outlet  channel;  (4 )  wood 
debris  at  end  of  principal  spillway  outlet  channel. 

Another  deficiency  was  the  lack  of  seepage  and  stability  analyser; 
records . 

The  dam  will  be  overtopped  by  flows  in  excess  of  11  percent  of  the 
Probable  Maximum  Flood .  Overtopping  of  art  earthen  embankment  could 
cause  serious  erosion  and  could  possibly  lo id  !  i ' lure  >>f  the  c  rue turn. 

B.  Adequacy  of  information: 


The  conclusions  in  this  report  were  based  on  rev  iew  of  the  in  format io 
listed  in  Section  2.1,  the  performance  history  as  related  by  others,  an: 
visual  observation  of  external  conditions. 

The  inspection  team  considers  that  these  data  ar<’  sufficient  to 
support  the  conclusions  herein.  Seepage  and  stability  analyses  comparable 
to  the  "Recommended  Guidelines  for  Safety  Inspection  of  bams"  were  not 
available,  which  is  considered  a  deficiency. 

C.  Urgency: 


If  the  deficiencies  listed  in  paragraph  A  are  not  corrected.,  and  if 
good  maintenance  is  not  provided,  the  embankment  condition  will  deter ioraf 
and  possibly  could  become  serious  in  the  future.  The  item  recommended  in 
7.2  A  should  be  corrected  promptly  and  the  items  listed  in  paragraph  7.2  :■ 
should  be  pursed  without  undue  delay. 


-IS- 


D.  Necessity  for  Additional  Inspection: 


Based  on  the  result  of  the  Phase  I  inspection,  no  additional  inspection 
is  recommended. 

E.  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  2.  An  earthquake  of  t  his  magnitude 
would  not  generally  be  expected  to  cause  severe  structural  damage  to  a  well 
constructed  earth  dam  of  this  size.  However,  it  is  recommended  that  the  pre¬ 
scribed  seismic  loading  for  this  zone  be  applied  in  any  stability  analyses 
performed  for  this  dam. 

7.2  REMEDIAL  MEASURES: 

The  following  remedial  measures  and  maintenance  procedures  are  recommended. 
All  remedial  measures  should  be  performed  under  the  guidance  of  a  professional 
engineer  experienced  in  the  design  and  construction  of  dams. 

A.  Alternatives: 

(1)  Spillway  size  and/or  height  of  dam  should  be  increase'!  to  pass  r. : )  p.-r  ■■•n- 
of  the  PMF.  In  either  case,  the  spillway  should  be  protected  to  pf-v<-;.: 
erosion. 

B.  0  &  M  Procedures : 

Seepage  and  stability  analyses  comparable  to  the  requirements  of  :h<- 
recommended  guidelines  should  be  performed  by  an  engineer  experienced 
in  the  construction  of  dams. 

A  detailed  inspection  of  the  dam  should  be  made  periodically  by  an 
engineer  experienced  in  the  design  and  construction  of  dams.  Record  : 
of  all  inspections  and  maintenance  performed  should  be  kept. 

Wave  protection  should  be  provided  for  the  upstream  face  of  the  Cam. 

The  slough  area  in  the  left  wall  of  the  outlet  channel  should  be 
repaired . 

Principal  spillway  outlet  concrete  slab  should  be  repaired. 

Debris  in  outlet  channel  of  principal  .spillway  should  lie  removed. 

The  2  inch  dewatering  pipe  valve  at  the  downstream  toe  should  l»e  opera:  ••  i 
periodically  and  maintained. 


(1) 

(2) 

(3) 

(4) 


(5) 

(6) 
(7) 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSIS 

To  determine  the  overtopping  potential,  flood  routings  were 
performed  by  applying  the  Probable  Maximum  Precipitation  (PMP)  to  a 
synthetic  unit  hydrograph  to  develop  the  inflow  hydrograph.  The  inflow 
hydrograph  was  then  routed  through  the  reservoir  and  spillway.  The 
overtopping  analysis  was  accomplished  using  the  systemized  computer 
program  HEC-1  (Dam  Safety  Version) ,  July  1978,  prepared  by  the 
Hydrologic  Engineering  Center,  U.S.  Army  Corps  of  Engineers,  Davis, 
California. 

The  PMP  was  determined  from  regional  charts  prepared  by  the 
National  Weather  Service  in  "Hydrometeorological  Report  No.  33." 
Reduction  factors  were  not  applied.  The  rainfall  distribution  for  the 
24-hour  PMP  storm  duration  was  assumed  according  to  the  procedures 
outlined  in  EM  1110-2-1411  (SPD  Determination) .  Also,  the  1  percent 
chance  probability  flood  was  routed  through  the  reservoir  and  spillway. 
St.  Genevieve,  Missouri  rainfall  distribution  (5  min.  interval  -  24 
hours  duration),  as  provided  by  the  St.  Louis  District,  Corps  of 
Engineers,  was  used  in  this  case. 

The  synthetic  unit  hydrograph  for  the  watershed  was  developed  by 
the  computer  program  using  the  SC S  method.  The  time  of  concentration 
was  estimated  using  the  Kirpich  formula.  This  formula  and  the 
parameters  for  the  unit  hydrograph  are  shown  in  Table  1  (Sheet  4, 
Appendix  C) .  The  time  of  concentration  was  also  verified  from  velocity 
estimates  for  the  average  slopes  of  the  watershed  and  the  main  channel 
(Design  of  Small  Dams,  page  70,  1974  Edition). 

The  SCS  curve  number  (CN)  method  was  used  in  computing  the 
infiltration  losses  for  rainfall-runoff  relationship.  The  CN  values 
used  for  the  antecedent  moisture  conditions  (AMC) ,  and  the  result  from 
the  computer  output,  are  shown  in  Table  2  (Sheet  5,  Appendix  C) . 

The  reservoir  routing  was  accomplished  by  using  the  Modified  Puls 
Method  assuming  the  starting  lake  elevation  at  normal  pool.  No 
antecedent  storm  was  routed  in  order  to  determine  the  starting 
elevation.  It  was  assumed  that  the  mean  annual  high  water  elevation 
corresponds  with  the  normal  pool  elevation.  The  hydraulic  capacity  of 
the  spillway  was  used  as  an  outlet  control  in  the  routing.  The 
hydraulic  capacity  of  the  spillways  and  the  storage  capacity  of  the 
reservoir  were  defined  by  the  elevation-surface  area — storage-discharge 
relationships  shown  in  Table  3  (Sheet  5,  Appendix  C) . 
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The  rating  curve  for  the  spillways  (see  Table  4  Sheet  6,  Appendix 
C)  was  determined  assuming  pipes  with  entrance  and  outlet  control,  and 
using  charts  from  the  U.  S.  Bureau  of  Public  Roads. 

The  flow  over  the  crest  of  the  dam  during  overtopping  was 
determined  using  the  non-level  dam  option  ($L  and  $V  cards)  of  the 
HEC-1  program.  The  program  assumes  critical  flow  over  a  broad-crested 
weir.  The  lowest  elevation  of  the  crest  of  the  dam,  obtained  from 
survey  measurements,  was  assumed  as  top  of  dam  elevation. 

A  summary  of  the  routing  analysis  for  different  ratios  of  the  PMF 
is  shown  in  Table  5  (Sheet  7,  Appendix  C) .  The  result  of  the  routings 
indicates  that  the  spillway  will  pass  the  10  percent  probability  flood 
without  overtopping  the  dam.  The  1  percent  probability  flood  will 
cause  overtopping  of  the  dam. 

The  computer  input  data,  a  summary  of  the  output  data,  and  a  plot 
of  the  inflow-outflow  hydrograph  for  the  PMF  are  presented  on  Sheets  8, 
9,  and  10  of  Appendix  C. 
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TABLE  1 


SYNTH KTIC  UNIT  HYDR0CRAPI1 


Parameters : 


Drainage  Area  (A) 

0.  18 

sij  mi  U 

Length  of  Watercourse  (L) 

0.44 

mi  1  es 

Difference  in  elevation  (H) 

100 

ft 

Time  of  concentration  (Tc) 

0.17 

hrs 

Lag  Time  (Lg) 

0.  10 

hrs 

Time  to  peak  (Tp) 

0.14 

hrs 

Peak  Discharge  (Qp) 

620 

cfs 

Duration  (D) 

3 

m  i  n . 

Time  (Min.)(*) 


1  1  ■  irge  (  c  f  s  )  ( * ) 


(*)  From  the  computer  output 


FORMULA  USED: 


11  9  L3  °'385 

Tc  =  (  h“  } 


Lg  =  0.6  Tc 
Tp  =  |  +  Lg 


Kirpich  Formula. 

From  California  Culverts  Practice,  California 
Highways  and  Public  Works,  September,  1942. 


Qp  =  — 


Q  =  Excess  Runoff  =  L  inch 
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.TABLE  2 

RAINFALL- RUNOFF  V ALDUS 


Selected  Storm  Event 

Storm  Duration  Rainfall 

(Hours)  (Inches) 

Run of  f 
( 1  aches) 

Loss 
(  I ne lie 

s) 

PMP 

24  34.1 

32.  1 

2.0 

1%  Prob .  Flood 

24  7.1 

4.0 

3.  I 

10%  Prob.  Flood 

24  3.0 

2.3 

2.7 

Additional  Data: 

1)  Soil  Conservation  Service  Soil  Croup  C 

2)  Soil  Conservation  Service  Runoff  Curve  CN  =  85  (AMC 

3)  Soil  Conservation  Service  Runoff  Curve  CN  =  7 1  (AMC 

1  percent  probability  flood 

4)  Percentage  of  Drainage  Basin  Impervious  5  percent 

111) 
N)  1 

lor  tin 

or  the 

TABLE  3 


ELEVATION, 

SURFACE  AREA, 

STORAGE  AND  D  ISCHA_R.CE 

R K L ATJ  0NSJ i  I  PS 

Elevation 

Lake 

Surface 

Lake  Storage 

Spi 1 1  way 

(feet-MSL) 

Area  (acres) 

(acre-f  t) 

Discharge  (cfs) 

519.0 

0 

0 

*54L.O 

3.0 

28 

0 

**543.3 

3.8 

36 

42 

***544.5 

4.3 

41 

6  5 

550.0 

6.3 

70 

1  38 

560.0 

10.0 

- 

- 

*Principal  spillway  crest  elevation 
**Emergency  spillway  crest  elevation 
***Top  of  dam  elevation 


The  above  relationships  were  developed  using  data  from  the  USCS 
Minnith,  Missouri  7.5  minute  quadrangle  map  with  a  20  f t  contour 
interval,  and  the  field  measurements. 
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TABLK  4 


SPILLWAYS  RATING  CURVK 


Reservoir 

Elevation 

(MSL) 

Pr inc ipal 
Spillway 
(cfs)  " 

Emergency 

Sp  i  ilway 
(cfs) 

Total 

Discharge 

(cfs) 

*541.0 

0 

- 

0 

542.0 

11 

- 

L  1 

543.0 

30 

- 

30 

**543.3 

42 

0 

42 

544.0 

48 

3 

51 

***544.5 

60 

5 

65 

545.0 

66 

9 

75 

546.0 

78 

16 

94 

547.0 

84 

21 

105 

548.0 

93 

24 

117 

550.0 

108 

30 

138 

*PrincipaI  spillway  crest  elevation 
**Eraergency  spillway  crest  elevation 
***Top  of  dam  elevation 

Method  Used:  Charts  for  corrugated-metal  pipe  (n  =  0.024)  with  entrance 
and  outlet  control  from  the  U.S.  Bureau  of  Public  Roads. 
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TABLE  5 


RESULTS  OF  FLOOD  ROUTINES 


Ratio 

of 

PMF 

Peak 

In  f low 
(cfs) 

Peak  Lake 
Elevat ion 
(ft,  MSL) 

Total 

Storage 
(acre- ft ) 

Peak 

Ou  t  f 1 ow 
(cfs) 

Depth 

(ft) 

over  Top 
of  Dam 

- 

0 

*541.0 

28 

0 

- 

0.10 

263 

544.4 

'.1 

63 

0 

0.15 

394 

545.0 

44 

2  30 

0.5 

0.20 

525 

545.3 

45 

4  35 

0.8 

0.25 

657 

545.5 

4b 

559 

1 .0 

0.30 

788 

545.6 

47 

683 

1  .  1 

0.40 

1,051 

545.8 

48 

947 

1  .  3 

0.50 

1,310 

546.0 

49 

1,210 

1  .  3 

0.75 

1,970 

546.4 

51 

1  ,886 

1.9 

1.00 

2,630 

546.8 

53 

2,570 

2.3 

The  percentage  of  the  PMF  that  will  reach  the  top  of  the  dam  is  about  11  pure 

*Principal  spillway  crest  elevation 
Top  of  dam  elevation  =  544.5 


Sheet  7,  Appendix 


H  O 

I  •  ON 

3 

in 


=4*  *4* 

W 

w  >  pq 
_  W  O 
JC  H  ^ 

2  W2 

z  o 

W  W  H 

^  O  H 

<  o 

•4  •  w 

w  pl< 
AS  H  W 
W  03  23 


T—i 

H  -J< 

00  O 

in 

in  o 

1 

CN  • 

r>* 

vo  • 

w 

m 

co  oo 

H 

st 

M 

in 

in 

CO 

X 

CO 

f— 1 

<*  < 

m 

in 

in  o 

o 

• 

lO 

<t  • 

st 

co 

H 

st 

st 

< 

m 

in 

«  W  S 
s  w 

§23 


O  r-4  O  O 
•  in  ( —  • 

st  O 

st  in 

in  m 


AS 

X 

< 

in 

o 

Q  — i 

co 

CN 

—«  n 

in  oo 

o 

a 

CN 

CN 

o 

• 

St 

st  • 

• 

f*4 

o 

« 

0-i 

*~H 

X 

CO 

st 

cn  m 

o 

• 

£ 

st 

St 

st 

03 

L3 

O 

>•« 

in 

in 

in 

M 

X 

o 

PQ 

03 

CM 

w 

>* 

00 

cc 

O 

*-} 

CO 

os  in 

H 

o 

oo 

CN 

CN 

X 

o 

O 

vO  co 

o  in 

H 

CN 

•<  -< 

O 

M 

• 

CO 

CO  • 

in  • 

co 

• 

M  • 

»— 1 

H 

CO 

co 

cn  n 

C 

w 

O  O 

St 

st 

st 

O 

z 

o 

X 

5 

O 

O 

g 

O 

AS 

in 

in 

n 

M 

X 

Ah 

« 

w 

o> 

in 

H 

»  CN 

CN 

o 

>H 

CN  M 

o 

r*H 

oo  o 

o  00 

P* 

M 

•— i 

• 

• 

O 

• 

rH 

CN  • 

o  • 

o 

z 

• 

E* 

VO 

* 

| 

> 

CN 

•H 

CN  st 

H 

W 

o 

O 

CN 

o 

a: 

St 

st 

St 

P5 

H 

03 

H 

w 

in 

in 

in 

w 

< 

Sz 

En 

03 

> 

H 

< 

tS 

w 

o 

03 

£C 

M 

AS 

oo 

in 

H 

o 

o 

O 

o 

H  »— 1 

o 

o 

O  co  o 

in 

o  in 

oo 

H 

»“l 

• 

•  • 

• 

» 

cn 

• 

• 

CN  -1 

<• 

st 

o 

*4- 

CN  ^ 

St 

in 

uo  n 

n 

in 

H 

CN 

H  H  <t 

in 

C/3  1x3  </>  Q  J  > 

< 

< 

A 

B 

PQ 

*0 

X 

W  £ 

*4 

H  3: 

X 

K 

K 

Y 

Y 

>< 

>*  »«-</>»«■» 

PMF  RATIOS 
INPUT  DATA 


Shoot  8,  Appendix  C 


/ 


PEAK  FLOW  AND  STORAGE  (END  OF  PERIOD)  SUMMARY  FOR  MULTIPLE  PLAN-RATIO  ECONOMIC  COMPUTATIONS 

FLOWS  IN  CUBIC  FEET  PER  SECOND  (CUBIC  METERS  PER  SECOND) 

AREA  IN  SQUARE  MILES  (SQUARE  KILOMETERS) 
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Rescript ion 

Aerial  (looking  South) 

Crest  of  Dam  (looking  West) 

Crest  of  Dam  (looking  East) 

Upstream  Pace  of  Dam  (looking  Hast) 

Downstream  Face  of  Dam  (looking  Southwest) 

Reservoir  Watershed  (looking  Southeast) 

Principal  Spillway  Inlet  Area 

Principal  Spillway  Inlet  Area 

Undermining  of  Principal  Spillway 
Concrete  Slab 

Principal  Spillway  Outlet  Channel 
End  of  Principal  Spillway  Outlet  Channel 
0 .lough  in  Outlet  Channel  Will 
Downstream  Channel 
Watering,  Pipe  Valve 
Discharge  End  of  Watering  Pipe 
Emergency  Spillway  Inlet  Area 
Emergency  Spillway  Outlet  Area 
Downstream  Hazard  Feature 
Downstream  Hazard  Feature 
Downstream  Hazard  Feature 
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